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Abstract
One crucial task in groundwater research and management is the estimation of groundwater mix-
ing ratios. Here, estimations of mixing ratios are presented systematically and spatially for shal-
low and deep groundwater in some areas of excessive groundwater pumping with different mag-
nitudes of groundwater drawdown. The mixing ratios are estimated using two methods: (1) the 
total mixing ratio using all parameters, and (2) the mixing ratio using nitrate concentrations. The 
values for the total mixing ratio indicate that mixing between the shallow and the deep ground-
water clearly occurs in all three depression areas, but with different ratios. The spatial distribution 
map of the total mixing ratio clearly shows that the largest mixing ratio occurs near the center of 
the cone of depression, and that the ratio decreases gradually away from the center of the de-
pression area. There is a positive correlation among total mixing ratios, CFC-12 concentrations, 
and modeled vertical flux. Remarkably, the highest correlation is found between the correlation 
of the total mixing ratio and magnitude of vertical flux in the largest drawdown area. Meanwhile, 
comparison of the mixing ratio calculations by the different methods showed insignificant corre-
lation which means nitrate is ineffective as the prevailing contaminant tracer for deep groundwa-
ter in this basin. Overall, this study concludes that the method of total mixing ratio using all che-
mical parameters is the most effective and consistent with previous methods. This study provides 
further proof that groundwater mixing between the shallow and deep groundwater systems has 
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Figure 1. Location map of the sampling points plotted on a geological map (HUTASOIT, 2009): a) for shallow groundwater, b) for deep groundwater. The points 
with potential contours (TAUFIQ et al., 2017) and the locations of their end-members. The shallow groundwater flows from the periphery to the centre of the basin 
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3. METHODOLOGY




















































































At­every­parameter,­its­standard­deviation­(σp) was estimated 
using­equation­(2);
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Figure 2. The spatial distribution map of the total mixing ratios for all samples of deep groundwater in the depression areas: CMHI area (a), RCK area (b), and DHYK 




































drawdown.­The­mixing­pattern­ in­ the­CMHI­area­where­ the­
greatest­drawdown­occurred­is­more­spatially­related­to­the­cone­
of­depression­than­for­the­other­areas.










Figure 3. Correlation between (a) magnitude of CFC-12 concentrations and the total mixing ratio, (b) magnitude of the vertical flux and the total mixing ratio. The 
variously colored dashed lines indicate the regression line of each correlation for each area.


















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































Table 2. Summary of the statistical analysis from the calculated mixing ratios.
a) CMHI area        







Mean 188.24      169,544 0.43 0.29
Standard Error 26.48        20,299 0.05 0.10
Median 156.17      178,186 0.49 0.26
Standard Deviation 105.91        81,195 0.19 0.26
Range 382.04      296,752 0.68 0.78
Minimum 23.20          4,008 0.01 0.00
Maximum 405.24      300,760 0.69 0.78
n 16               16 16 7
b) RCK area        
Mean 114.80      201,819 0.15 0.29
Standard Error 25.72        41,518 0.03 0.11
Median 100.34      235,762 0.12 0.13
Standard Deviation 92.72      155,347 0.10 0.30
Range 290.34      464,918 0.27 0.77
Minimum 11.72        11,262 0.00 0.02
Maximum 302.06      476,180 0.27 0.79
n 13               15 15 7
c) DHYK area        
Mean 211.29      161,058 0.12 0.29
Standard Error 41.63        91,076 0.04 0.12
Median 247.21        29,543 0.04 0.19
Standard Deviation 117.74      340,774 0.16 0.29
Range 346.06   1,303,381 0.46 0.70
Minimum 17.73             101 0.00 0.00
Maximum 363.78   1,303,482 0.46 0.70
n 8               14 14 6





















































































Figure 5. Nitrate isotope comparison with possible source groups according to (a) the method of KENDALL (1998) for groundwater samples of (b) the CMHI, (c) the 
RCK and (d) the DHYK areas.
Figure 6. Correlation between the total mixing ratio and the nitrate mixing ra-
tio for the three depression areas. Varicolored dashed lines indicate the regres-


























































































































































Ca2+ Mg2+ Na+ K+ HCO3- Cl- SO4- δ18O δ2H DO ORP δ18ONO3 δ15NNO3 (1)­Fe (2)­Mn (3)­CFC-12 (4)­NO3- 
mg/l mg/l mg/l mg/l mg/l mg/l mg/l (0/00) (0/00) mV (0/00) (0/00) ppb ppb pptv mg/l
7 75.50 9.10 16.70 8.15 276.67 5.80 90.15 -5.26 -43.97 4.28 85.00 5.7 10.2 0.99 0.19 502 3.99 end­member­1
1 38.22 11.05 42.26 10.63 277.38 20.24 9.00 -5.16 -42.97 4.86 90.00 2.0 21.6 7.29 0.23 249 5.04 contaminated­(4)
2 38.10 11.00 42.44 10.67 278.66 20.44 8.70 -5.16 -42.97 3.73 90.00 9.7 22.8 10.85 17.49 437 5.04 contaminated­(4)
3 38.89 12.24 46.78 6.54 227.16 13.49 41.77 -5.31 -43.51 4.11 95.75 -12.2 15.8 6.92 11.40 230 12.09 contaminated­(4)
31 55.11 15.45 28.22 11.66 176.23 77.45 103.60 -5.46 -44.89 5.66 100.00 19.9 14.3 1.41 0.37 164 4.00 contaminated­(4)
9 51.13 18.09 23.87 9.44 121.08 44.08 87.21 -6.91 -42.83 5.01 84.00 -1.5 9.6 2.30 0.59 768 10.43 contaminated­(3.4)
28 42.00 16.73 60.21 9.87 176.23 47.22 1.39 -4.20 -38.43 1.92 26.40 3.4 9.0
4 51.00 18.12 23.98 9.50 121.1 44.35 87.20 -6.91 -42.83 5.77 191.00 -1.5 9.6 2.62 19.32 769 2.28 contaminated­(3)
5 65.10 25.45 27.53 11.45 176.35 77.57 104.71 -5.40 -35.00 6.67 102.00 2.4 11.0 1.43 0.33 579 9.97 contaminated­(3)
27 61.10 25.45 37.44 11.40 176.33 77.12 104.23 -5.40 -35.00 4.72 207.00 1.3 7.1 0.97 3.91 595 3.95 contaminated­(3)
13 56.60 18.54 76.08 34.43 371.45 91.06 32.51 -5.35 -45.00 2.08 116.00 3.1 9.3 2.54 6.48 40 4.78 contaminated­(4)
1.2­RCK­area
Ca2+ Mg2+ Na+ K+ HCO3- Cl- SO4- δ18O δ2H DO ORP δ18ONO3 δ15NNO3 (1)­Fe (2)­Mn (3)­CFC-12 (4)­NO3- 
mg/l mg/l mg/l mg/l mg/l mg/l mg/l (0/00) (0/00) mV (0/00) (0/00) ppb ppb pptv mg/l
30a 55.52 14.47 48.05 13.50 310.20 16.80 29.21 -6.23 -48.49 4.70 99.51 8.1 14.4 63.60 1.49 21 1.08
12 53.82 17.82 61.17 8.96 283.58 33.46 34.28 -4.87 -41.83 3.90 130.00 33.1 12.0 4.16 5.60 12 2.97 end­member­1
30 55.57 14.85 48.38 13.63 310.86 16.75 29.16 -6.22 -48.47 3.97 147.79 3.37 1.69 20.69 contaminated­(4)
29 53.43 17.59 61.67 8.93 283.96 33.79 34.60 -5.01 -43.21 3.21 132.74 17.9 39.1 1.15 1.68 7.62 contaminated­(4)
26 53.99 17.60 58.06 8.80 283.76 33.50 34.66 -4.88 -41.84 0.00 3.6 7.3 0.40 0.23 1.06
20 55.52 14.47 48.05 13.50 310.20 16.80 29.21 -6.22 -48.47 3.71 173.00 8.1 14.4 3.65 26.37 21 1.08
24 53.90 17.60 61.06 8.90 283.80 33.42 34.45 -5.53 -47.98 4.24 174.00 5.2 19.5 0.00 0.09 12 1.97
21a 19.60 10.98 60.10 5.75 251.89 52.30 1.84 -4.87 -41.83 6.61 90.00 15.0 12.1 6.79 58 1.25
23 58.20 22.80 69.70 16.40 385.80 91.20 18.90 -3.94 -41.48 2.47 87.00 18.2 47.0 1.04 4.67 56 1.65
16 61.20 19.71 89.39 27.20 423.13 111.29 24.52 -4.92 -41.46 4.16 107.00 15.4 21.0 70.79 9.52 85 5.75 contaminated­(4)
13 56.60 18.54 76.08 34.43 371.45 91.06 32.51 -5.35 -45.00 2.08 116.00 3.1 9.3 2.54 6.48 40 4.78 contaminated­(4)
1.3­DHYK­area
Ca2+ Mg2+ Na+ K+ HCO3- Cl- SO4- δ18O δ2H DO ORP δ18ONO3 δ15NNO3 (1)­Fe (2)­Mn (3)­CFC-12 (4)­NO3- 
mg/l mg/l mg/l mg/l mg/l mg/l mg/l (0/00) (0/00) mV (0/00) (0/00) ppb ppb pptv mg/l
15d 45.17 18.75 31.91 10.21 290.50 20.90 21.80 115 5.0 10.8 0.54 0.23 692.75 2.25 contaminated­(3)
6 55.10 15.45 28.31 11.66 176.23 77.45 104.90 -6.30 -44.07 3.7 124 5.5 12.9 0.00 1.06 327.29 3.87 contaminated­(4)
6a 62.04 23.14 31.05 6.35 168.44 86.60 43.31 -5.53 -39.00 5.2 192 4.5 16.9 45.73 1.99 9.06 3.42 contaminated­(4)
9 51.13 18.09 23.87 9.44 121.08 44.08 87.21 -5.91 -42.83 5.0 84 -1.5 9.6 2.30 0.59 767.92 10.43 contaminated­(3.4)
19 62.40 23.10 30.30 6.50 168.33 86.50 43.30 -4.49 -29.75 3.5 90 1.4 -1.2 0.21 0.10 250.33 3.33 contaminated­(4)
28 42.00 16.73 60.21 9.87 176.23 47.22 1.39 -4.20 -38.43 1.9 26 3.4 9.0 699.41 532.13 1.30 contaminated­(2)
18 55.01 15.34 29.11 11.41 176.98 77.30 104.60 -5.30 -44.07 3.5 125 5.5 12.9 0.01 0.64 1132.00 3.87 contaminated­(3,4)
31 17.65 6.55 11.70 3.52 130.20 4.10 9.60 -5.60 -35.61 4.6 125 0.67 0.14 1276.19 3.00 contaminated­(3,4)
10 76.64 9.17 16.99 8.18 280.69 6.00 90.10 -6.17 -46.77 4.0 68 25.2 30.5 0.72 1.62 646.69 1.67 contaminated­(3)
11 52.40 15.48 27.39 10.31 248.09 12.00 49.65 -5.19 -42.70 2.9 82 1.0 10.5 2.52 6.28 192.67 2.99 end­member­1








7­Major­ions 2­Stable­isotopes Insitu­test Nitrate isotopes Elevated­substances
Sampling­No­
(Sx)
7­Major­ions 2­Stable­isotopes Insitu­test Nitrate isotopes
2­Stable­isotopes Insitu­test Nitrate isotopes Elevated­substances
Note
b)­Deep­groundwater
Ca2+ Mg2+ Na+ K+ HCO3- Cl- SO4- δ18O δ2H DO ORP δ18ONO3 δ15NNO3 (3)­CFC-12 (4)­NO3- 
mg/l mg/l mg/l mg/l mg/l mg/l mg/l (0/00) (0/00) mV (0/00) (0/00) pptv mg/l
10 60.2 23.2 33.5 8.7 280.9 21.2 13.8 -6.2 -46.8 4.1 79.0 20.7 16.5 405.2 1.3
1 23.8 10.7 16.9 7.8 184.7 4.0 8.6 -5.5 -44.2 3.8 92.0 38.0 28.7 0.0 1.6
9 59.9 22.9 32.6 7.5 275.2 20.8 12.7 -5.4 -38.3 2.1 51.2 20.7 16.5 0.0 1.4
2 28.0 13.0 24.0 9.3 219.2 9.8 14.5 -6.2 -46.6 5.2 25.5 321.6 1.1 contaminated­(1)
5a 28.8 12.8 23.8 9.3 217.4 8.8 14.5 -6.2 -45.6 2.5 48.1 15.6 18.4 0.0 3.0 contaminated­(4)
3 27.9 13.9 23.9 9.2 217.9 9.8 15.2 -5.6 -44.8 2.1 66.9 129.5 1.1 contaminated­(1)
5 68.1 26.7 86.3 14.9 295.7 104.6 54.0 -5.9 -45.5 4.3 39.3 15.4 18.0 314.7 1.9 contaminated­(1)
8 59.9 23.1 32.5 7.4 279.5 20.9 13.4 -5.5 -44.2 2.1 96.0 38.0 28.7 0.0 4.0 contaminated­(4)
6c 43.9 18.9 30.9 9.9 288.4 21.7 21.9 -5.7 -44.7 2.3 75.7 186.3 1.2 contaminated­(1)
6 57.0 24.1 63.1 11.5 206.7 45.2 25.2 -4.7 -39.9 2.1 -10.8 13.6 19.8 292.7 3.2 contaminated­(1,­4)
4 29.0 13.2 24.9 9.5 219.4 10.0 15.5 -6.1 -46.5 3.4 31.2 21.2 16.5 243.0 1.1 contaminated­(1)
4a 55.8 23.8 62.5 10.9 205.4 44.2 24.1 -6.1 -46.5 3.0 -68.5 21.4 16.1 0.0 1.1
6b 45.2 19.3 32.6 10.5 290.5 21.9 22.4 -5.6 -44.6 5.8 61.3 117.9 1.2 contaminated­(1)
6a 44.9 19.2 31.9 10.2 289.8 20.7 21.9 -5.6 -44.6 1.9 71.9 80.0 0.2 contaminated­(1)
7c 45.2 18.8 32.6 10.5 290.5 21.9 22.4 -6.1 -46.3 2.7 17.0 -4.8 -2.7 169.2 5.3 contaminated­(1,­4)
7 60.8 21.0 73.6 11.2 386.9 31.8 98.1 -5.9 -40.7 3.0 -60.4 20.0 13.0 143.1 4.1 contaminated­(1,­4)
7b 60.1 24.0 33.7 9.9 285.8 21.9 13.8 -6.0 -40.8 2.7 14.0 11.9 16.5 126.6 3.6 contaminated­(1,­4)
7a 60.6 20.8 72.9 11.1 385.1 30.4 97.9 -5.9 -40.8 6.3 -44.1 20.7 18.0 86.7 3.6 contaminated­(1,­4)
47 25.1 11.1 31.6 8.9 253.5 4.0 4.0 -6.5 -45.5 2.8 124.6 6.6 8.9 23.2 0.4 contaminated­(1)
46 24.8 11.1 31.2 8.9 250.8 3.9 5.9 -6.0 -45.5 3.2 110.0 20.1 12.6 0.0 0.2 end­member­2
45 60.8 13.0 73.7 10.9 388.5 32.0 90.8 -6.2 -45.6 2.8 -30.3 21.2 19.1 0.0 1.7
12 37.9 19.7 22.0 10.5 305.2 7.8 9.1 -6.0 -46.7 3.1 38.7 8.9 18.0 2.8
12d 39.0 18.7 23.1 11.8 280.7 8.6 9.3 -4.6 -38.3 2.0 -32.0 0.0 3.0 contaminated­(4)
12f 38.9 19.9 22.9 12.0 299.9 8.1 9.2 -5.4 -42.5 2.3 -60.4 33.7 38.3 0.0 3.0 contaminated­(4)
1 37.2 15.7 25.0 8.9 267.8 2.0 4.6 -5.4 -42.5 4.3 64.4 0.0 3.0 contaminated­(4)
15 79.3 34.6 188.3 18.6 583.3 141.3 1.6 -5.5 -44.9 3.5 -14.0 -1.5 6.0 255.3 0.2 contaminated­(1)
15a 23.8 8.9 78.7 9.1 302.8 43.8 2.7 -6.8 -44.0 2.4 31.2 116.6 2.6 contaminated­(1)
34 23.3 8.6 75.5 9.1 300.7 42.6 2.6 -6.0 -42.6 2.3 -60.4 18.9 12.4 0.0 0.4





7­Major­ions 2­Stable­isotopes Insitu­test Nitrate isotopes elevated­contaminants
Note
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Ca2+ Mg2+ Na+ K+ HCO3- Cl- SO4- δ18O δ2H DO ORP δ18ONO3 δ15NNO3 (3)­CFC-12 (4)­NO3- 
mg/l mg/l mg/l mg/l mg/l mg/l mg/l (0/00) (0/00) mV (0/00) (0/00) pptv mg/l
23 21.5 8.3 10.5 2.3 157.2 2.0 3.2 -6.2 -51.5 4.3 147.2 6.4 12.9 3.2 contaminated­(4)
22a 39.2 9.2 13.5 5.0 160.8 0.6 1.1 -6.1 -41.0 5.3 130.9 34.6 40.8 120.7 2.0 contaminated­(1)
22 39.9 7.4 6.9 3.0 110.6 2.7 0.5 -6.3 -50.8 5.6 124.0 5.4 12.2 302.1 4.0 contaminated­(1,­4)
21 39.2 9.3 13.6 5.0 170.4 0.7 1.2 -6.3 -51.1 5.3 171.0 3.6 8.2 100.3 2.1 contaminated­(1)
33a 36.1 15.5 48.9 6.3 275.9 44.2 8.1 -5.8 -48.4 3.7 18.0 19.7 15.2 234.8 0.4 contaminated­(1)
25 36.3 14.9 48.2 6.5 280.1 44.1 8.7 -6.0 -48.9 5.5 134.6 3.8 5.7 238.4 0.5 contaminated­(1)
20 33.2 25.0 55.6 13.6 375.4 42.6 0.8 -5.4 -45.8 4.0 99.5 5.2 11.4 48.3 2.0 contaminated­(1)
24 25.2 14.1 16.8 7.1 233.1 1.3 6.4 -6.1 -48.8 3.2 132.7 4.7 8.7 11.7 0.5 contaminated­(1)
24b 25.2 14.1 16.1 7.1 230.2 1.2 6.3 -5.4 -45.8 4.0 159.0 5.2 11.4 105.7 0.2 contaminated­(1)
19c 38.0 18.1 50.8 7.8 298.3 60.7 0.6 -5.5 -47.0 2.2 5.0 18.6 14.6 68.1 0.3 contaminated­(1)
18a 46.5 19.2 110.5 9.1 375.4 121.7 2.7 -4.5 -42.8 4.4 -6.0 19.8 16.2 27.9 0.2 contaminated­(1)
20a 36.1 16.3 49.8 6.5 278.0 44.9 8.3 -5.8 -48.4 3.2 45.6 6.8 10.4 38.6 0.6 contaminated­(1)
19 27.1 11.5 63.6 9.3 321.6 23.5 0.3 -6.0 -41.7 3.3 8.0 18.6 14.6 156.8 0.3 contaminated­(1)
33 36.2 15.7 47.4 6.2 270.5 40.3 8.3 -5.8 -48.4 3.7 105.0 15.8 5.1 39.1 0.1 contaminated­(1)
27 42.4 19.9 30.2 5.7 323.4 26.0 2.0 -4.5 -42.8 7.0 -30.0 18.6 12.5 0.0 0.1 end­member­2
18 47.3 19.4 111.5 9.2 379.0 123.8 2.8 -5.1 -45.4 5.6 -15.2 10.4 16.5 0.0 0.2
19b 36.3 20.5 57.1 19.8 612.6 94.4 1.6 -6.1 -41.0 2.5 2.0 23.2 16.7 1.6
Ca2+ Mg2+ Na+ K+ HCO3- Cl- SO4- δ18O δ2H DO ORP δ18ONO3 δ15NNO3 (3)­CFC-12 (4)­NO3- 
mg/l mg/l mg/l mg/l mg/l mg/l mg/l (0/00) (0/00) mV (0/00) (0/00) pptv mg/l
11 27.5 13.2 18.2 8.4 126.7 40.5 14.0 -6.1 -46.6 3.0 100.0 18.5 13.4 0.0 2.0
12 37.9 19.7 22.0 10.5 305.2 7.8 9.1 -6.0 -46.7 3.1 72.0 8.9 18.0 2.8
12a 38.8 19.9 22.3 11.9 305.5 8.0 9.1 -4.6 -38.3 3.1 38.7 3.0 contaminated­(4)
12d 39.0 18.7 23.1 11.8 280.7 8.6 9.3 -4.6 -38.3 2.0 -32.0 0.0 3.0 contaminated­(4)
12f 38.9 19.9 22.9 12.0 299.9 8.1 9.2 -5.4 -42.5 2.3 -60.4 33.7 38.3 0.0 3.0 contaminated­(4)
17 24.4 9.6 79.5 9.2 304.9 43.8 2.7 -5.5 -49.0 2.0 -32.0 20.1 17.8 46.0 2.6 contaminated­(1)
13 79.1 34.5 187.1 18.5 580.1 140.5 1.5 -5.8 -44.7 2.9 -5.2 0.0 3.8 contaminated­(4)
29a 16.2 7.4 162.7 22.6 395.7 40.5 6.4 -5.6 -43.8 2.0 0.0 19.4 21.3 1.3
29 16.2 7.5 162.6 22.6 395.0 40.2 6.2 -5.6 -43.8 5.0 -19.6 285.1 1.1 contaminated­(1)
30a 30.6 11.6 35.3 7.0 295.9 2.0 4.8 -5.7 -44.0 3.0 -42.2 20.1 13.4 0.0 0.9 end­member­2
43 38.2 15.2 99.8 11.3 324.3 74.4 1.8 -5.8 -40.7 3.9 -38.7 19.4 21.7 0.0 6.6 contaminated­(4)
28 33.2 13.5 53.1 10.3 308.5 27.0 6.4 -5.5 -42.9 3.5 -39.7 0.0 6.6 contaminated­(4)
28a 32.9 13.4 52.8 10.1 304.6 24.6 6.0 -4.6 -42.9 2.8 -13.0 14.2 20.2 0.0 5.7 contaminated­(4)
41 26.8 15.1 88.8 11.3 320.2 73.8 1.8 -6.0 -40.6 3.3 64.4 15.2 20.8 0.0 2.4
42 29.1 16.8 95.9 11.6 330.5 74.7 1.8 -5.5 -42.5 4.0 -42.2 -8.2 5.8 130.5 2.4 contaminated­(1)
32 30.2 15.2 89.9 11.5 324.4 74.2 1.9 -5.0 -42.9 3.0 -42.2 16.4 21.4 98.2 7.8 contaminated­(1,­4)
30 30.1 15.1 89.8 11.4 324.3 73.8 2.0 -5.7 -44.0 4.9 -5.2 16.1 20.1 269.5 7.4 contaminated­(1,­4)
31a 28.2 17.9 54.0 10.7 268.4 18.5 9.3 -5.4 -43.3 4.7 -5.2 16.4 21.4 225.0 2.4 contaminated­(1)
40 31.2 15.2 97.9 12.4 326.8 75.2 1.8 -5.3 -40.7 2.9 -13.0 16.8 8.0 17.7 5.7 contaminated­(1,­4)
31 44.4 18.7 31.8 10.2 288.9 20.7 21.7 -5.9 -42.9 3.1 150.0 -8.4 7.2 363.8 1.1 contaminated­(1)
















mg/l mp mg/l mp mg/l mp mg/l mp mg/l mp mg/l mp mg/l mp (0/00) mp (0/00) mp m
10 60.2 -0.04 23.2 -2.62 33.5 0.71 8.7 0.81 280.9 0.96 21.2 0.41 13.8 0.13 -6.2 -0.03 -46.8 -0.69 0.69
1 23.8 -2.52 10.7 0.59 16.9 1.00 7.8 1.13 184.7 1.82 4.0 1.06 8.6 0.07 -5.5 0.78 -44.2 0.86 0.37
9 59.9 -0.06 22.9 -2.54 32.6 0.72 7.5 1.24 275.2 1.01 20.8 0.42 12.7 0.12 -5.4 0.84 -38.3 4.41 0.69
2 28.0 -2.23 13.0 0.01 24.0 0.87 9.3 0.58 219.2 1.51 9.8 0.84 14.5 0.14 -6.2 0.01 -46.6 -0.56 0.37
5a 28.8 -2.18 12.8 0.05 23.8 0.88 9.3 0.57 217.4 1.53 8.8 0.88 14.5 0.14 -6.2 0.01 -45.6 0.00 0.39
3 27.9 -2.24 13.9 -0.22 23.9 0.87 9.2 0.63 217.9 1.53 9.8 0.84 15.2 0.14 -5.6 0.61 -44.8 0.49 0.37
5 68.1 0.49 26.7 -3.51 86.3 -0.22 14.9 -1.44 295.7 0.83 104.6 -2.75 54.0 0.59 -5.9 0.33 -45.5 0.11 0.30
8 59.9 -0.06 23.1 -2.59 32.5 0.72 7.4 1.26 279.5 0.98 20.9 0.42 13.4 0.12 -5.5 0.78 -44.2 0.86 0.69
6c 43.9 -1.15 18.9 -1.51 30.9 0.75 9.9 0.36 288.4 0.90 21.7 0.39 21.9 0.22 -5.7 0.53 -44.7 0.58 0.49
6 57.0 -0.26 24.1 -2.84 63.1 0.19 11.5 -0.20 206.7 1.63 45.2 -0.50 25.2 0.26 -4.7 1.60 -39.9 3.45 0.48
4 29.0 -2.17 13.2 -0.05 24.9 0.86 9.5 0.53 219.4 1.51 10.0 0.83 15.5 0.15 -6.1 0.05 -46.5 -0.52 0.38
4a 55.8 -0.34 23.8 -2.77 62.5 0.20 10.9 0.01 205.4 1.64 44.2 -0.46 24.1 0.25 -6.1 0.03 -46.5 -0.53 0.47
6b 45.2 -1.06 19.3 -1.60 32.6 0.72 10.5 0.14 290.5 0.88 21.9 0.38 22.4 0.23 -5.6 0.62 -44.6 0.60 0.50
6a 44.9 -1.08 19.2 -1.59 31.9 0.73 10.2 0.25 289.8 0.88 20.7 0.43 21.9 0.22 -5.6 0.59 -44.6 0.60 0.50
7c 45.2 -1.06 18.8 -1.49 32.6 0.72 10.5 0.14 290.5 0.88 21.9 0.38 22.4 0.23 -6.1 0.03 -46.3 -0.41 0.50
7 60.8 0.00 21.0 -2.04 73.6 0.00 11.2 -0.11 386.9 0.01 31.8 0.01 98.1 1.09 -5.9 0.26 -40.7 2.96 0.58
7b 60.1 -0.05 24.0 -2.82 33.7 0.70 9.9 0.36 285.8 0.92 21.9 0.38 13.8 0.13 -6.0 0.24 -40.8 2.92 0.68
7a 60.6 -0.02 20.8 -2.00 72.9 0.01 11.1 -0.07 385.1 0.03 30.4 0.06 97.9 1.09 -5.9 0.28 -40.8 2.92 0.59
47 25.1 -2.43 11.1 0.48 31.6 0.74 8.9 0.72 253.5 1.21 4.0 1.06 4.0 0.02 -6.5 -0.38 -45.5 0.11 0.33
46 24.8 -2.45 11.1 0.49 31.2 0.75 8.9 0.73 250.8 1.23 3.9 1.06 5.9 0.04 -6.0 0.17 -45.5 0.07 0.32
45 60.8 0.00 13.0 0.00 73.7 0.00 10.9 0.00 388.5 0.00 32.0 0.00 90.8 1.01 -6.2 0.01 -45.6 0.00 0.57
12 37.9 -1.56 19.7 -1.72 22.0 0.91 10.5 0.15 305.2 0.74 7.8 0.92 9.1 0.07 -6.0 0.14 -46.7 -0.63 0.49
12d 39.0 -1.48 18.7 -1.45 23.1 0.89 11.8 -0.33 280.7 0.96 8.6 0.89 9.3 0.08 -4.6 1.72 -38.3 4.39 0.50
12f 38.9 -1.49 19.9 -1.77 22.9 0.89 12.0 -0.40 299.9 0.79 8.1 0.91 9.2 0.07 -5.4 0.85 -42.5 1.87 0.50
1 37.2 -1.61 15.7 -0.70 25.0 0.85 8.9 0.73 267.8 1.08 2.0 1.14 4.6 0.02 -5.4 0.85 -42.5 1.87 0.51
15 79.3 1.26 34.6 -5.53 188.3 -2.01 18.6 -2.80 583.3 -1.74 141.3 -4.14 1.6 -0.01 -5.5 0.78 -44.9 0.45 0.10
15a 23.8 -2.52 8.9 1.05 78.7 -0.09 9.1 0.66 302.8 0.77 43.8 -0.45 2.7 0.00 -6.8 -0.74 -44.0 1.01 0.01
34 23.3 -2.55 8.6 1.12 75.5 -0.03 9.1 0.65 300.7 0.79 42.6 -0.40 2.6 0.00 -6.0 0.22 -42.6 1.81 0.00
39b 24.2 -2.49 9.6 0.87 78.5 -0.08 8.8 0.76 302.7 0.77 43.4 -0.43 2.5 0.00 -6.5 -0.42 -42.2 2.04 0.00
Sampling­
No
Ca2+ Mg2+ Na+ K+ Cl- SO4- δ18O δ2HHCO3-

















mg/l mp mg/l mp mg/l mp mg/l mp mg/l mp mg/l mp mg/l mp (0/00) mp (0/00) mp m
23 21.5 -1.86 8.3 5.68 10.5 3.66 2.3 -1.06 157.2 4.17 2.0 -3.23 3.2 0.04 -6.2 4.44 -51.5 -9.33 0.17
22a 39.2 -0.29 9.2 5.25 13.5 3.51 5.0 -0.22 160.8 4.08 0.6 -3.43 1.1 -0.03 -6.1 4.18 -41.0 1.87 0.12
22 39.9 -0.22 7.4 6.12 6.9 3.85 3.0 -0.85 110.6 5.34 2.7 -3.14 0.5 -0.05 -6.3 4.53 -50.8 -8.49 0.10
21 39.2 -0.29 9.3 5.18 13.6 3.50 5.0 -0.22 170.4 3.84 0.7 -3.41 1.2 -0.02 -6.3 4.55 -51.1 -8.81 0.12
33a 36.1 -0.56 15.5 2.14 48.9 1.64 6.3 0.18 275.9 1.19 44.2 2.45 8.1 0.19 -5.8 3.34 -48.4 -5.97 0.25
25 36.3 -0.54 14.9 2.44 48.2 1.68 6.5 0.23 280.1 1.09 44.1 2.43 8.7 0.21 -6.0 3.80 -48.9 -6.50 0.27
20 33.2 -0.82 25.0 -2.53 55.6 1.29 13.6 2.44 375.4 -1.31 42.6 2.23 0.8 -0.04 -5.4 2.36 -45.8 -3.20 0.03
24 25.2 -1.52 14.1 2.86 16.8 3.33 7.1 0.43 233.1 2.27 1.3 -3.33 6.4 0.14 -6.1 4.01 -48.8 -6.39 0.25
24b 25.2 -1.53 14.1 2.83 16.1 3.37 7.1 0.43 230.2 2.34 1.2 -3.34 6.3 0.13 -5.4 2.36 -45.8 -3.20 0.25
19c 38.0 -0.40 18.1 0.87 50.8 1.55 7.8 0.63 298.3 0.63 60.7 4.67 0.6 -0.04 -5.5 2.63 -47.0 -4.48 0.02
18a 46.5 0.36 19.2 0.32 110.5 -1.59 9.1 1.05 375.4 -1.31 121.7 12.87 2.7 0.02 -4.5 0.00 -42.8 0.00 0.00
20a 36.1 -0.56 16.3 1.74 49.8 1.60 6.5 0.23 278.0 1.14 44.9 2.55 8.3 0.19 -5.8 3.29 -48.4 -5.97 0.25
19 27.1 -1.36 11.5 4.10 63.6 0.87 9.3 1.11 321.6 0.04 23.5 -0.35 0.3 -0.05 -6.0 3.72 -41.7 1.12 0.03
33 36.2 -0.55 15.7 2.04 47.4 1.72 6.2 0.15 270.5 1.33 40.3 1.92 8.3 0.20 -5.8 3.25 -48.4 -5.98 0.26
27 42.43 0.00 19.85 0.00 80.24 0.00 5.72 0.00 323.41 0.00 26.03 0.00 2.00 0.00 -4.47 0.00 -42.77 0.00 0.10
18 47.3 0.43 19.4 0.23 111.5 -1.65 9.2 1.07 379.0 -1.40 123.8 13.16 2.8 0.02 -5.1 1.50 -45.4 -2.84 0.00





mg/l mp mg/l mp mg/l mp mg/l mp mg/l mp mg/l mp mg/l mp (0/00) mp (0/00) mp m
11 27.5 -0.75 13.2 -5.97 18.2 1.13 8.4 2.90 126.7 2.59 40.5 0.50 14.0 0.25 -6.1 -0.47 -46.6 2.97 0.31
12 37.9 -0.02 19.7 13.79 22.0 1.07 10.5 0.81 305.2 0.25 7.8 0.97 9.1 0.15 -6.0 -0.33 -46.7 3.00 0.23
12a 38.8 0.04 19.9 14.36 22.3 1.07 11.9 -0.61 305.5 0.25 8.0 0.97 9.1 0.15 -4.6 1.97 -38.3 -1.20 0.23
12d 39.0 0.06 18.7 10.67 23.1 1.06 11.8 -0.51 280.7 0.57 8.6 0.96 9.3 0.16 -4.6 1.97 -38.3 -1.20 0.24
12f 38.9 0.05 19.9 14.39 22.9 1.06 12.0 -0.70 299.9 0.32 8.1 0.97 9.2 0.15 -5.4 0.66 -42.5 0.91 0.23
17 24.4 -0.97 9.6 -16.73 79.5 0.28 9.2 2.11 304.9 0.25 43.8 0.45 2.7 0.02 -5.5 0.45 -49.0 4.14 0.04
13 79.1 2.88 34.5 58.48 187.1 -1.21 18.5 -7.22 580.1 -3.36 140.5 -0.97 1.5 -0.01 -5.8 0.05 -44.7 2.01 0.10
29a 16.2 -1.55 7.4 -23.39 162.7 -0.87 22.6 -11.45 395.7 -0.94 40.5 0.50 6.4 0.10 -5.6 0.37 -43.8 1.54 0.05
29 16.2 -1.55 7.5 -23.33 162.6 -0.87 22.6 -11.41 395.0 -0.93 40.2 0.50 6.2 0.09 -5.6 0.36 -43.8 1.55 0.04
30a 30.6 -0.54 11.6 -10.64 35.3 0.89 7.0 4.32 295.9 0.37 2.0 1.06 4.8 0.06 -5.7 0.12 -44.0 1.64 0.14
43 38.2 0.00 15.2 0.00 99.8 0.00 11.3 0.00 324.3 0.00 74.4 0.00 1.8 0.00 -5.8 0.01 -40.7 0.00 0.00
28 33.2 -0.35 13.5 -4.97 53.1 0.65 10.3 1.02 308.5 0.21 27.0 0.69 6.4 0.10 -5.5 0.45 -42.9 1.09 0.14
28a 32.9 -0.37 13.4 -5.30 52.8 0.65 10.1 1.21 304.6 0.26 24.6 0.73 6.0 0.09 -4.6 2.00 -42.9 1.09 0.14
41 26.8 -0.80 15.1 -0.15 88.8 0.15 11.3 0.00 320.2 0.05 73.8 0.01 1.8 0.00 -6.0 -0.25 -40.6 -0.08 0.01
42 29.1 -0.64 16.8 5.00 95.9 0.05 11.6 -0.30 330.5 -0.08 74.7 0.00 1.8 0.00 -5.5 0.45 -42.5 0.91 0.01
32 30.2 -0.56 15.2 0.00 89.9 0.14 11.5 -0.16 324.4 0.00 74.2 0.00 1.9 0.00 -5.0 1.25 -42.9 1.09 0.00
30 30.1 -0.57 15.1 -0.15 89.8 0.14 11.4 -0.10 324.3 0.00 73.8 0.01 2.0 0.00 -5.7 0.10 -44.0 1.64 0.00
31a 28.2 -0.71 17.9 8.27 54.0 0.63 10.7 0.63 268.4 0.73 18.5 0.82 9.3 0.16 -5.4 0.66 -43.3 1.32 0.20
40 31.2 -0.49 15.2 0.00 97.9 0.03 12.4 -1.12 326.8 -0.03 75.2 -0.01 1.8 0.00 -5.3 0.77 -40.7 0.00 0.01
31 44.4 0.44 18.7 10.79 31.8 0.94 10.2 1.10 288.9 0.46 20.7 0.79 21.7 0.42 -5.9 -0.19 -42.9 1.09 0.46
44 44.1 0.42 18.6 10.45 31.9 0.94 10.1 1.21 289.5 0.46 18.9 0.81 20.9 0.40 -6.1 -0.57 -46.5 2.92 0.44
*) Sampling no 11 - 13 were displayed in Figure 3a)
Sampling­
No

















mg/l mp (0/00) (0/00) mg/l mp (0/00) (0/00) mg/l mp (0/00) (0/00)
10 1.31 0.29 4.1 20.7 16.5 c 23 3.2 0.79 4.3 6.4 12.9 c 11 2.00 0.14 3.0 18.5 13.4 c
1 1.59 3.8 38.0 28.7 d 22a 2.0 5.3 34.6 40.8 d 12 2.80       0.24 3.1 8.9 18.0 c
9 1.44 2.1 20.7 16.5 d 22 4.0 1.01 5.6 5.4 12.2 c 12a 2.99 3.1
2 1.05 0.22 5.2 21 2.1 5.3 3.6 8.2 b 12d 2.95 2.0
5a 3.00 0.74 2.5 15.6 18.4 c 33a 0.4 0.08 3.7 19.7 15.2 c 12f 2.99 2.3 33.7 38.3 b
3 1.06 2.1 25 0.5 5.5 3.8 5.7 b 17 2.58 0.21 2.0 20.1 17.8 c
5 1.89 0.45 4.3 15.4 18.0 c 20 2.0 0.50 4.0 5.2 11.4 c 13 3.80 0.36 2.9
8 3.97 2.1 38.0 28.7 d 24 0.5 3.2 4.7 8.7 b 29a 1.33 0.06 2.0 19.4 21.3 c
6c 1.20 2.3 24b 0.2 0.02 4.0 5.2 11.4 c 29 1.13 5.0
6 3.16 0.78 2.1 13.6 19.8 c 19c 0.3 0.06 2.2 18.6 14.6 c 30a 0.86 0.00 3.0 20.1 13.4 c
4 1.07 0.23 3.4 21.2 16.5 c 18a 0.2 0.01 4.4 19.8 16.2 c 43 6.59 0.70 3.9 19.4 21.7 c
4a 1.07 0.23 3.0 21.4 16.1 c 20a 0.6 0.13 3.2 6.8 10.4 c 28 6.59 3.5
6b 1.21 5.8 19 0.3 0.04 3.3 18.6 14.6 c 28a 5.70       0.59 2.8 14.2 20.2 c
6a 0.17 1.9 33 0.1 3.7 15.8 5.1 b 41 2.39 0.19 3.3 15.2 20.8 c
7c 5.34 2.7 -4.8 -2.7 a 27 0.3 0.04 7.0 18.6 12.5 c 42 2.39 4.0 -8.2 5.8 b
7 4.07 3.0 20.0 13.0 b 18 0.2 0.03 5.6 10.4 16.5 c 32 7.83 0.85 3.0 16.4 21.4 c
7b 3.63 2.7 11.9 16.5 a 19b 1.6 0.38 2.5 23.2 16.7 c 30 7.44 0.81 4.9 16.1 20.1 c
7a 3.63 6.3 20.7 18.0 a 31a 2.39 0.19 4.7 16.4 21.4 c
47 0.35 2.8 6.6 8.9 b 40 5.65 2.9 16.8 8.0 b
46 0.20 3.2 20.1 12.6 b 31 1.10 3.1 -8.4 7.2 b
45 1.71 0.40 2.8 21.2 19.1 c 44 1.05 3.0 -6.2 9.2 b
12 2.8 0.69 3.1 8.9 18.0 c *) Sampling no 11 - 13 were displayed in Figure 3a)
12d 3.0 2.0
12f 3.0 2.3 33.7 38.3 d
1 3.0 4.3
15 0.2 3.5 -1.5 6.0 b
15a 2.6 2.4
34 0.4 0.05 2.3 18.9 12.4 c





























Appendix 3.  Calculation results of mixing ratio of nitrate concentration and their nitrate isotopes.
Appendix 2. Continuation.
